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HMERBS BN MRS LS (PEPCase) R E 1K 554
BEFC R BN TEA K W OHGA

(" hERIKFERESEYH AR %, LK 100094;2 hER LA ERAEYHFEFIA, LT 100081:° LRIBHEAFE AR F ¥R, L
100875)

B E: NER C, FAEMYBE (Echinochloa crusgalli ) PEPCase IS MM EEAE & BEAU B Y B EFRE  RET
B (E. crusgalli )BMRABANERRLEHEREE (ppc) 8y cDNA 2K . W RFE B E LTS RIUESL B ppe B cDNA
4% % 2 886 bp, 7% 961 N 2 AR (GenBank B 7 5 : AY251482) : X H B F 51 58 F ( Setaria italica) C, & 75 3 ( Sorghum
bicolor) Cyz & . FE XK (Zea mays) Ciy B K& (Oryza sativa)C, BBIMBHANERARLBEENRBEERS 51X 94.8%.
93.2% .93.0% %1 89.7% ., HSHEAXRKFFIF CRRE 77 LBAEREFEARA) . KHUE—/C, BEFE, 5HMAHK
YILBHARFEER PEPCase HITHEEFFIUM EREX AN ERBIEL  HEBNBETFRFIIRARHHAERT
FIEFASEXMER C BFFNARENEZEIR TS C BNRABEE. 5EX . EHR C, & PEPCase R BRIE S 5 WX
96.5% .96.4% , 5EF . EHKH C,., B PEPCase R B FI N 84.3%.83.8% , MEAF . EX HEMBRN C B
PEPCase By — B HEAEXT B MK, 43 510 82.2% .79.1% .77.1% #1 76.6% . B FHE— SRR F RN BRI ppc ZER T C,.,
B, ¥ESBNEAFFHTTEHE FRLEAMIRLSTN.

*£87: BN RRANIANERRAE  ZEERES ST
FESHS: 451

Cloning and Characterization of Phosphoenolpyruvate Carboxylase Gene from
Echinochloa crusgalli
ZHANG Gui-Fang'*, ZHAO Ming?"* , DING Zai-Song , ZHANG Li', XIAO Jun-Tao'

(' College of Agronomy and Bio-technology of China Agricultural University , Beijing 100094 ; * Institute of Crop Sciences . CAAS , Beijing 100081 * College of Life
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Abstract : Phosphoenolpyruvate carboxylase (PEPCase) has a variety of functions in plants. In order to elucidate structural
and functional characters of PEPCase from Echinochloa crusgalli, and search a new approach to improve crops
photosynthesis, a full-length ¢cDNA for PEPCase was isolated from E. crusgalli. Using the program of Blast on NCBI
GenBank database, the sequence presented a very high match with the genes from other plants. After alignment on
ClustalW program, the identities of the cloned fragment with PEPCase genes from Setaria italica C;-form, Sorghum valgare
C4- form, Zea mays C,- form and Oryza sativa C;- form were about 94.8% , 93.2% , 93.0% and 89.7% , respectively.
E. crusgalli ppc ORF is 2 886 bp, encoding 961 amino acid residues. The sequence has been submitted to the GenBank
database, the accession number is AY251482. Alignment and phylogenetic analysis of the amino acid sequence deduced
from the fragment and the PEPCase sequences of other plants retrieved from GenBank were carried out by ClustalW
program, which showed that the sequences homology of E. crusgalli with C;- form was higher than with C,. form. To
identify amino acid residues and/or domains responsible for C;/ C;-specific properties, we found the putative amino acid

sequence contains a C, conserved alanine at position 771, and the seq shared a homology of 96.5% , 96.4% with the
C,.- form PEPCase of Zea mays and Sorghum valgare ,83.8% , 84.3% with the Cy,- form PEPCase of Zea mays and
Sorghum valgare , and 82.2% ,79.1% ,77.1% ,76.6% with the C, form PEPCase of S. italica, Z. mays, S.
spontaneum and Sorghum valgare . In conclusion, the cloned sequence is a Cy.,- form of PEPCase gene from E. crusgalli.

The domain, active sites and fuction sites of Echinochloa crusgalli PEPC protein are predicted.
Key words: Echinochloa crusgalli ; Phosphoenolpyruvate carboxylase (PEPCase) ; Gene cloning and characterization
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B B R S R B2 L 55 (PEPCase) K9 E B AE
AEZ5E c, RRZW co, BEEH. HEESH
FRAE C, MBI P A SRR, TB B CO, B3
FHE AR EREAHEN C, BERHE co,, HE
EXRFFEYERCHEBEBENER (ppo)ER
) C, EY R HBATEERE"Y, Hilk, PEPCase
RAHE C, EYEERAESAXENE, YE/H
HYIE ppe EFIMGHEHT THRERY. N
B C, AN UENREE T EEER.

B4 4 ) B 25 ( Echinochloa crusgalli) 2 — F #
By C, AREHY , BN L B THRSERR
PIE R TR, BERETR 1T #3E R K P 3R, X BBIE L
RETE BRAG, 52EN C EYEX RN
AFHE, BE LA EEE PEPCase S REFFH
E9, EHE R FFES PEPCase EEEE AN
B, BIERTHIE, EEFRGTFRAARLED
EEENERFREERLEMRZE, AHRER
MEER C, AERBRXEBRRAEXNERR
BT R, 3T GenBank BUIEFE (B X
2. AY251482) , IR B ) 5 BH 33E PE TR X SR RE Y
FEFI#EAT LR34 o

1 ME#FE

1.1 #EyHe
# # ( Echinochloa crusgalli) #H F BRI X
2R EEEE,
1.2 B X RNA BH &R cDNA &5
REB4h GHBEZN, £A S B Triol
(Gibeco A7) %8 5 /7 =2 BUE RNA, ¢DNA & B
R % B3R 7] & ImProm- 1™ Reverse Transcriptase
(Promega /A F] VBF.
1.3 PCR3|##yi&it5 PCR&
HECHREHENRREEXAFERRIEE
B cDNA 2K 551, % 3 1 %514, F5 % P1:5'-
ACT TCT AGA ATG GCG TCC GAG CGG CAC C-3’,
P2:5’-GTA GGT ACC CTA GCC GGT GIT CTG CA-3',
L cDNA M #4T PCR I3, FrFEY Tag B§
4 Takara LA Taq , % W2 FF R F® # %3#17,94CTH
254 S min, 94°CAEHE 30 s.70°CE HE 30 s 70CEM
3 min, 30 MEIR, RJF 70°CEMH 10 min,
1.4 PCREHIRIRE
PCREYZ 1.0%FEEERBEXRER. U
FTE&E®,HPCR YRR a(dtmBAER
AT 5 ) E i DNA, B & PCR =45 pUCm-T

vector(_E ¥ Sangon A 8] ) #E #,
1.5 AFERFIISH

SEHERNTERZ L% Sangon 27T E .
i 45 2 K A Blast 2 FF (http://www.ncbi. nlm. nih:
gov/blast) F4T R B 138 & , DNA 5 R AERFFI
B9 H.3 % Al DNAStar 3K/ #E4T 4397 -

2 HBRESH

2.1 HERBREEATFRANLEESE DNAY
RT-PCR & B R B

DI B RNA AR, oligo(dT) s A 5| ¥ R 5%
FARE cDNA, DL cDNA AR FE#1T PCR 1,
LB 3 AN, 45145 1 000 bp.1 600 bp F1 3 000
bp(E 1,33 1), K EK# 3000 bp SEHH
PEPCase 3 H #9 cDNA £ K 8238 , UL 3 000 bp K9 B
REBESHFREEERENF.

B 1 % ppc DNA ) RT-PCR =¥ BX 47
Fig.1  Agarose gel electrophoreses analysis of RT-PCR
products of Ecthinochloa crusgalli ppc <DNA

2.2 FIANERAFEENEAEERR LK
ZRFEFITE, PCR ER A BEKERN 2 906 bp,
£23E— 2 886 bp KV FF R EAE . WRTRIF
L= HL7E NCBI IR %5 25 b F Blast # R 4#4T R EHE
HEEKRE,%EEBR, 5 GenBank + EMBL + DDBJ +
PDB ¥ b Kb Y BB BN R RS
HEEFFEREHREE, FEHs C,.C HY
ZEANAREEEERFSIEA ClustalW 343
THEERMMT, RARBEEEEHRRES T
(Setaria italica)C, % (AY491400) .75 32 ( Sorghum valgare )
HEI(X55664) . E K ( Zea mays ) AR5 (AB012228) FI/K ¥
(Oryza sativa)C, BI(AF271995), FRZE4F13K 94.8%
93.2%.93.0%F1 89.7%., IEFAERER F BE N B ER
BRERANERRILEREE DNA 2K,
2.3 EREERFIREEREILF
HEILFHAE G .C, HYMWARERXH
PEPCase 55132 F ClustalW 3437 B EHEF
PR BRI, EREH, EER SRR,
AFH C, BFM/KAEHE PEPCase AR B IR FH,
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KEHS BERBANIANERR L (PEPCase) £ H Y L E 5547
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5155 F] 96.5% .96.4% \96.4% \94.3% K —E 1, T
5AF Fk HREMBERE C, & PEPCase B—Z1E
AAXTEAE, 281K 82.2%.79.1% 77.1%76.6% o

B F C, & PEPCase By C K3 XN F 5 774 fL
REEWEN AN BEBRBRETILER, THE
C, & PEPCase MIAE AL B R A AR . AH5R
FRERIBEE PEPCase 7E C R¥GHE 771 LA ERER

ARA)(H2), ZRHE—/1C BEHR, ARERF
PR B RBIE S, B ERNBETFRFF RS
BHEERFENSFRESEX K ¢, HFEFIHNFE
BHHE TS c, HHMHER. FHE C, BFF
HEFRA FABENEE pc HEEFFEEET
C, B HIEAEZ AT F PSRN REARNRERH
PEPCase,

771

E. crusgalli: 753 KR RPSGGI ESLRAIPWI F

Z. mays Caz: 752 KR KPSGGI ESLRAIPWI F

S. valgare C32: 752 KR KPSGGI ESLRAIPWI F

A
A
A
KR KPSGGI ESLRAIPWIF A
A
N
N

O. sativa C3: 751
Z. mays Cs: 758 KR KPSGGI DSLRAIPWI F
Z. mays Cs: 762 KR RPGGGI TTLRAIPWIF
S. valgare Cs: 753 KR RPGGGI TTLRAIPWI F
E2
Fig.2

2.4 FBREARYIECESEHIREBE |

BBy PEPCase ZH 5 961 MEER, BT
NCBI blast 447 , RBLFE 8 ~ 961 bp Z[E K —/ 5 &
B9k ppe Z5#3 3% (E 3), #IE PROSITE ¥UIE FE 4>
LOEEEBRFF A AR KA PEPC BHALA, 2
FI6LTF 165 ~ 176 FFFR AL & (PS00781, VITAHPTQs-
vRR) Fl 588 ~ 600 2 &% {i &= (PS00393, VMIGYSDS-
gKDAG) (H 3), BAMEEH 9 MRy H b sef:
SR EEHE C BERR L AL S (protein kinase C
phosphorylation site, PS00005) B8 & H¥E I RRL

WTQTRFH PPVWLG FGAA FKHI MQ KDIRN THT L 803

WTQTRFH LPVWLG FGAAIKHI MQ KDIRN I HI L 802
WTQTRFH LPVWLG FGAA IKHI MQ KDIRN I HVL 802
WTQTRFH LPVWLG FGGA FKHI MQ KDIRN IHTL 801
WTQTRFH LPVWLG FGAA FKNVLQ KDIRN LHML 808
WTQTRFH LPVWLGVGAAFKFA ID KDVRN FQVL 812

WTQTRFH LPVWLGVGAA FKWAI D KDIRN FQK L 803

#84 C,.C, #% PEPCase EEKERMOBAF UK
Partial sequence alignment of amino acid of PEPCase proteins from some C,,C, plants

{3 22 (Casein kinase [I phosphorylation site, PS00006) «
BEE R B BR 22 2 2 (tyrosine sulfation site, PS00003) .
N + W & Bt 4 A2 = ( N-myristoylation site,
PS00008) - 41 M 38 B ¥ 5 £iL 5 (cell attachment se-
quence, PS00016) . N-3 % 2 4k 7 & ( N-glycosylation
site, PS00001) Bk & AL £ % (amidation site, PS00009) «
BT cAMP Al cCMP W B B M BB R L AL =
(cAMP- and cGMP-dependent protein kinase phosphory-
lation site, PS00004 ) F1 B% & B ¥ BE BE MR 1L 1% & (ty-
rosine kinase phosphorylation site, PS00007) o

1 100 200 300 400 500 600 700 800 900 961
L 1 L L 1 L - 1 L 1 -
( PEPcase )
8 [ 3 ) 961
B B
1 L u 961
165-176 588600
B3 I PEPCase & &M (8~ 961) MM ERMA 7 R B A F 4422 (165 ~ 176,588 ~ 600)

Fig.3

2.5 PEPCase EEEEBFIINRZENLSHT
#7 FJ DNAstar 2434 14 M B EFFIM A G #L
ST, i — 5 BRI AR 2R Y PEPCase [F R TR
IN3AEEER ppe HEASR C BLC, B K CLE 3N
HEETER,FEENEARNEERFIEFLR
hREAEERAEEBE(E ). AEEXH3A
EETEFFEENEANAERFAREEHEEEE,
T F AR R B F— LB PEPCase A B H
# %, \ PEPCase LR 4 E , BEME T C,

The domain (8- 961) and two enzyme active sites (165 — 176,588 — 600) of PEPCase protein in Echinochloa crusgalli

BRERESH EFLMLERRERE BEEE
K EECLEESREEKBC BRL; 5HE
PEPCase HIL X RZREHERHE . HR.EX T
B C, BURBE . EXKE C, B PEPCase; {5 R
ERHYHRESENTFHHEAYRE. TELEM F.
trinervia B9 C, &, B ILA LLF i, £ PEPCase F K
FEF C BE5fkC, BEHCIBFHFERKE
2, FEF AR PEPCase 7EA FEHR B LB TF
EER.
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Z. mays pep root

- s valgaere pep root
E. crusgalli
S. italica pep C:
O. sativa pep Cs
E S spontaneum pep C.
S. valgare pep Cs

Z. mays ppc Ca
1 S.italicapep C:

L— S. valgare pep C:

Z mays pep Ci

—

G. max pep C

221

E. trinervia ppc C root

20 15 10

- C
M 0 pep Cy

Nucleotide substitutions (x100)

H4 BSH C.C, Y PEPCase XA HBIH

Fig.4

3 it

BEEYASEARRREYFENEERE
0 mE R EEYHLESEREERNRNZ
7 FABERNEFEREM C, BEEX C Y
HmER AL REANEERRZRY . B¥ EX PEPCase
EEEADKERABATRERE"Y , TIEXE
HBEEAER C, & PEPCase EEMHEERKEH
?EiE“”o

MYy PEPCase 2E 1 2 ~5 M AR TR AR,
% B4R BAF A PEPCase I TE"™, EEMEE C,
A C, B,C, BIXAN C,, B C, B, — kKA,
EC BEELE C HYHWEEHFPRERE,M
CLEFEAERATMESHAAPRIE;C,BEAER
hkRES; WAESHEYHBREPES C,L, B
ByFEik;7E CAM Y B S &k CAM B,
XERFLR MR LEERSHEYEAERRRE
FEEEEENAYEM., M)A E PEPCase,
Bl C,, % .C,, B C,, WS 5mBLEMERM, BA
AERBEFRTHTEERERRRORERR
HFpHARBEYE . EFEETFRABRE C0,.2
E5#FERSHR BIRASE, W TBEESTL
FAMSAHYERERAIBT LA RKRBAE
AU, HiARFIENEE B PEPCase ZENAER AT
LB EEEEEM.

HEX HEDMEKEEER C, f1C, REF
FHEYIHY ppc cDNA FFIHTRIFFIRBE KBS
FEIEH, ppe ZEER 5'F 3 W HBMATF, Bt F
TAUKIEHE ppc EEAZEHEBRERZITH 1
MBI TEE pe EEEBRHLEK. T
B RARMSIWELY ETEF ppc £H C, B
cDNA S5 X £ ¥ (% R 5. AY491400)" , ZHR

Phylogenetic tree of PEPCase proteins from some C,, C, plants

FILEMALERLZ XA EENREERS,
%2 94.8% , BERFINREH#ASTHRERE
=0, F R M E PEPCase 54 F C,, %! PEPCase
EHERNFRERLEH, REESREER, &5
E5XX BRC,EBEES, REEKTEC BREeM
EHEBR.EXASTFHC HURTBR.EXNY
C, &l PEPCase B BT, WERERY, ppc £
RE#AIBFREAEROETYE, XEERRM
REHERE. Bit, B35 ppc BEEHP AR LR
HE B TR B AT 3 — 25 B ppe E: R B3
- BZERENEEFEFEENT L,

C, BEI#1 C, &Y PEPCase EE X J| 2 — B 3FhL
HEEREDFEFI TS 774 M EERBRENF
R BREFLER(SWAIC B, MREIFTER
(AEMR c, B, AANGEI Rk
HBE pc ZRBHEAFIIRES T IRART
C,%l, WA PEPCase WA RBERETRS
Hib C, fEAE LA HAFBRZ AL, 7T 8k C,.C, B
PEPCase FETHER —RETHREREERFTH
VaRiok= 5 &

iE ¥ #E Hydrilla verticillata™™ F1 Bienertia
cycloptera ( Chenopodiaceae )" FHESL C, fEFF# C, T8
FEEBELRARATR, REHYBEERBEE
ZREE, WA -ERRWSRA, BHE LA (N
g[m) ‘q:é[ﬂ-ﬂl \{&ﬁ[’“”] &g%y}i&[u] %)%&
FRRAREASGBEAREYRARBEHREIE
Ko HILHEN PEPCase B T 5 AEAEEMRX
SR REETE A E E RE/EA, PEPCase B9
BEZ XTI fE 5 PEPCase IZ X R A X, BHTF C,
% PEPCase 7£ C, XA EATEIMEREM . AL
KEHFRETELEPZE C, B PEPCase L, fH C;, .
Co, M1 CL B XA RFA LHEAYIENTEMNET
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